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Lecture: Cell Function: Membrane transport and ionic conductance

1. The Cell Membrane: A Selective Barrier

The cell membrane is a semi-permeable barrier composed of a phospholipid bilayer and
various proteins. Its primary role is to control the passage of substances into and out of the
cell.

o Freely Permeable: Small, nonpolar molecules (e.g., O,, CO,).
e Impermeable (Requires Help): lons (e.g., Na+, K+, Ca’+) and large polar molecules
(e.g., glucose, amino acids) cannot cross freely and require transport proteins.

2. Membrane Transport: Maintaining Homeostasis
Membranetransportis essentialfor maintaining a stable internal environment (homeostasis)
and for cellular function. Its key purposes include:

e Acquiring essential nutrients.

¢ Removing metabolic waste.

¢ Maintaining ion concentrations, pH, and electrical balance.
e Cell signaling and communication.

3. Major Types of Transport

Transport mechanisms are broadly divided into passive and active processes.

A. Passive Transport: This process does not require cellular energy (ATP) as substances
move down their concentration gradient (from high to low concentration).

+ Simple Diffusion: Direct movement of substances across the lipid bilayer.
o Facilitated Diffusion: Movement is aided by membrane proteins.
o Channel Proteins: Form a pore through which specific ions can pass very
quickly.
o Carrier Proteins: Bind to a specific molecule, change shape, and transport it
across the membrane. This process is slower and can become saturated
(reach a Vmax).




¢ Osmosis: The specific diffusion of water across a membrane.

Compares two membrane transport mechanisms by plotting diffusion rate against
substrate concentration.
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The fundamental difference demonstrates that simple diffusion has unlimited
capacity while facilitated diffusion is constrained by the finite number of available transport
proteins. This saturation behavior in facilitated diffusion mirrors enzyme kinetics, where

protein availability becomes the rate-limiting factor at high substrate concentrations.

B. Active Transport:This process requires cellular energy (ATP) to move
substances against their concentration gradient (from low to high concentration).

e Primary Active Transport: Uses ATP directly to power the transport. The Na+/K+
pumpis a critical example, pumping 3Na* out and 2K" in, establishing vital
electrochemical gradients.

e Secondary Active Transport: Does not use ATP directly. Instead, it uses the energy
stored in an ion gradient (created by primary active transport) to move another
substance. For example, the SGLT protein uses the Na* gradient to pull glucose into
the cell against its gradient.
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SGLT2 inhibitor selectively inhibit SGLT2, reducing glucose reabsorption from the renal
tubule back into the bloodstream

C. Bulk Transport: Used for moving large particles or large quantities of smaller particles.

o Endocytosis: Bringing substancesintothe cell (e.g., phagocytosis, receptor-
mediated endocytosis for LDL cholesterol).

o Exocytosis: Expelling substancesfromthe cell (e.g., secretion of hormones or
neurotransmitters).

4. lonic Conductance and Membrane Potential
The movement of ions across the membrane creates an electrical charge difference,
or membrane potential.

+ Resting Membrane Potential: A steady negative charge inside the cell relative to the
outside. Itis primarily established by the Na+/K+ pump and the constant outward leak
of K" ions through leak channels.

e Action Potential: A rapid, temporary reversal of the membrane potential (the inside
becomes positive) that serves as a nerve impulse. It is generated by the sequential
opening and closing of voltage-gated Na* and K* channels and is essential for nerve
communication and muscle contraction.




Lecture: The Cell's Trafficking

o Molecular trafficking is the system cells use to transport molecules

(especially proteins) to their correct locations.

o Think of it like a city's logistics network: a postal service, delivery trucks, and
roads that ensure everything gets where it needs to go.

o Ourgoalis to understand:

The mechanisms of how proteins are sorted and transported.
The importance of this process is for cell organization, function, and
how errors can lead to disease.

e The "Postal Code" System: Protein Targeting
o Proteins are made in one location but must be delivered to specific

organelles like the nucleus, mitochondria, or outside the cell.

o Thisis achieved through signal sequences: short stretches of amino acids
on the protein that act as a "zip code" or "address label."
o The delivery process involves three key steps:

1.

Signal Recognition: A receptor protein recognizes and binds to the
signal sequence.

Targeting: The receptor guides the protein to the correct organelle
membrane.

Translocation: A channel protein (a translocator) moves the protein
across the membrane into the organelle.

e The Two Major Sorting Pathways
o The cell's sorting process begins at the ribosome (the protein factory) and

splits into two main routes:

o 1. Cytosolic Pathway (Free Ribosomes):

Proteins are fully synthesized in the cytosol first.
After synthesis, their signal sequences are read, and they are imported
into the nucleus, mitochondria, or peroxisomes.

o 2.Secretory Pathway (ER-Bound Ribosomes):

This is the pathway for proteins destined for secretion, lysosomes, or
the cell membrane.

If a new protein has an "ER signal sequence," the ribosome is directed
to the surface of the Endoplasmic Reticulum (ER).

The protein is fed into the ER as it is being made (co-translational
import).

¢ The Secretory Superhighway: From ER to Final Destination

o This major trafficking route involves several key stops:




Endoplasmic Reticulum (ER): The entry point where proteins are
synthesized, folded, and begin modification.

Golgi Apparatus: The central sorting station and processing center.
Vesicles: Small membrane-bound sacs that act as the "delivery trucks,"
budding off from one organelle and fusing with the next.

e The Golgi Apparatus

o

o

Proteins arrive from the ER at the cis face of the Golgi.

As they travel through the Golgi stacks, they undergo critical post-
translational modifications, most importantly glycosylation (the addition
and modification of sugar chains).

Crucially, these sugar chains act as secondary sorting signals. For
example, a specific mannose-6-phosphate tag directs a protein to the
lysosome.

At the trans face, fully modified proteins are sorted and packaged into new
vesicles for their final destinations.

e Exocytosis and Endocytosis

o

Exocytosis (Secretion): The process of sending materials out of the cell.
Vesicles from the Golgi fuse with the plasma membrane to release their
contents.

Endocytosis: The process of bringing materials into the cell by forming
vesicles from the plasma membrane. This is often used for nutrient uptake or
to deliver material to the lysosome for degradation.

e Clinical Correlation

@)

@)

Defects in molecular trafficking can have severe consequences.
Example: Muscular Dystrophies.
» Some forms are caused by defects in the Golgi's glycosylation
enzymes.
= Key structural proteins in muscle are not modified correctly and
cannot function properly.
= This leads to a weakened cell membrane, muscle cell death, and the
progressive weakness seen in the disease.
= This shows that a failure in the cell's "processing and shipping"
department can be as damaging as a defect in the final product itself.

e Conclusion: Key Takeaways

o

o

o

Molecular trafficking is an essential, highly organized system.

Proteins are sorted using built-in signal sequences.

The secretory pathway (ER -> Golgi) is a major route for processing and
exporting proteins.



o The Golgi apparatus acts as the central sorting station, using chemical
modifications like glycosylation as additional address labels.
o Failures in this system are a direct cause of human diseases.



